Executive Summary
Oak Ridge National Laboratory performed a study of experience credit for professional engineering licensure for the Department of Energy's Industrial Assessment Center (IAC) Program. One of the study's goals was to determine how state licensure boards grant experience credit for engineering licensure, particularly in regards to IAC experience and experience prior to graduation. Another goal involved passing IAC information to state licensure boards to allow the boards to become familiar with the program and determine if they would grant credit to IAC graduates.
The National Council of Examiners for Engineers and Surveyors (NCEES) has adopted a document, the "Model Law." This document empowers states to create state engineering boards and oversee engineering licensure. The board can also interpret and adopt rules and regulations. The Model Law also gives a general "process" for engineering licensure, the "Model Law Engineer." The Model Law Engineer requires that an applicant for professional licensure, or professional engineering (PE) licensure, obtain a combination of formal education and professional experience and successfully complete the fundamentals of engineering (FE) and PE exams.
The Model Law states that a PE applicant must obtain four years of "acceptable" engineering experience after graduation to be allowed to sit for the PE exam. Although the Model Law defines "acceptable experience," it is somewhat open to interpretation, and state boards decide whether applicants have accumulated the necessary amount of experience. The Model Law also allows applicants one year of credit for postgraduate degrees as well as experience credit for teaching courses in engineering.
The Model Law grants states the power to adopt and amend the bylaws and rules of the Model Law licensure process. It allows state boards the freedom to modify the experience requirements for professional licensure. This power has created variety in experience requirements, and licensure requirements can differ from state to state.
Before this study began, six questions were developed to help document how state boards grant experience credit. Many of the questions were formulated to determine how states deal with teaching experience, postgraduate credit, experience prior to graduation, PE and FE waivers, and the licensure process in general.
Data were collected from engineering licensure boards for each of the fifty states and the District of Columbia. Telephone interviews were the primary method of data collection, while email correspondence was also used to a lesser degree. Prior to contacting each board, the researchers attempted to review each state's licensure web site.
Based on the data collected, several trends and patterns were identified. For example, there is a general trend away from offering credit for experience prior to graduation. The issue becomes a problem when a PE from one state attempts to gain a license in another state by comity or endorsement. Tennessee and Kansas have recently stopped offering this credit and Mississippi cautions applicants that it could be difficult to obtain licensure in other states.
Because PE licensure is very important for engineers, IAC students need to keep track of their professional experience and ensure that when they graduate, their work is considered "acceptable" vi to the state board. Students should also take the FE exam as soon possible after graduation. The longer they wait, the less likely they are to be successful on the exam.
IAC Directors and Assistant Directors may have the experience needed to be eligible to take the PE exam. Virtually all states allow teaching experience to count towards the PE exam. Some states will also allow PhDs to waive the FE exam. Because academic professionals write both the FE and PE exams, professors and other academic professionals should score well on them.
Of the 25 state boards that accept work experience prior to graduation, only 12 could currently accept IAC experience. If the IAC program wants its students to receive credit in these states, it must tailor the program to more closely resemble cooperative engineering programs. These states list requirements that only students with this type of experience can fulfill.
The licensure process is currently in a state of reevaluation. The NCEES has a panel reviewing Model Law requirements. The American Society of Civil Engineers (ASCE) has forwarded a proposal calling for a master's degree or equivalent for professional licensure. This proposal would raise the educational requirements for PEs. The National Society of Professional Engineers (NSPE) is also involved in the current licensure debate and has proposed several changes to Model Law requirements.
Introduction
The following study was conducted by Oak Ridge National Laboratory for the Department of Energy's Industrial Assessment Center (IAC) Program. The goal was to develop a clear idea of how each state grants experience credit towards professional licensure with regard to IAC experience before graduation and the teaching experience of IAC Directors and Assistant Directors. Information was documented on the types of experience that state boards commonly recognize as "acceptable." This paper will summarize these results and draw conclusions based on the data collected from discussions with the state boards and a review of material located on states' licensure web sites.
Background
To protect public safety, state laws require that engineers obtain a professional engineering (PE) license before they can offer public services or sign and seal plans for public use. These laws govern the conduct and ethics of PEs and help to safeguard the public against misrepresentation and malpractice. A PE license is earned through a series of steps that involve a combination of formal education, examination, and professional experience. 2 Figure 1 illustrates the process of licensure according to the NCEES Model Law. The Model Law establishes a general framework for engineering licensure programs. This framework is adopted and modified by the states to meet the individual needs of their constituencies.
As noted in the description of The Model Law Engineer, a formal engineering education is part of the licensure process. The document specifies that this education must be received at an EAC/ABET accredited institution. EAC/ABET is a federation of engineering and technical societies that provides quality assurance for engineering programs through a review process called accreditation. 3 The process for obtaining a PE license begins with successfully completing the FE exam. Some examinees are eligible to take this exam during their senior year of college; however, taking the exam during college is not required. After successfully completing the FE exam, the applicant is then qualified for certification. States generally refer to this certification as engineer-in-training (EIT), but several use either engineer intern (EI) or intern engineer. 4 Once the EIT achieves the designated amount of professional experience mandated by their particular state, they must pass the Principles and Practice (PE) exam to qualify for licensure.
Professional experience is important for engineers. The Model Law states that a PE applicant should have four years of experience after graduation and this experience should be of an "acceptable" nature. What is "acceptable" experience? The Model Law describes it as "progressive" and "of a grade and character that indicates to the board that the applicant may be competent to practice engineering." 5 It also defines the practice of engineering as "service or creative work" that "requires engineering education, training, and experience in the application of special knowledge of the mathematical, physical and engineering sciences." 6 Section 12 of the Law defines the general requirements for licensure. It states that to be eligible for the PE examination, an applicant must supply five references, three of which should be from PEs with knowledge of the applicant's experience. 7 The Model Law allows for other types of experience credit. A graduate degree in engineering can be substituted for one year of experience. Teaching is also recognized as engineering experience. According to the Model Law, this type of experience must be gained in an approved engineering curriculum of four or more years. The experience must also be earned in the process of teaching advanced subjects and designing research projects. 7 The Model Law provides each individual state the power to adopt their own set of rules and regulations. Many of these differ from the Model Law on the requirements for experience and education. Although each state uses the same standardized tests and scoring criteria for the PE exam, requirements for examinees can differ from state to state with respect to education and experience. 7 The Model Law allows states to set up a board to govern the process of licensure. Each state has created an independent engineering board that serves as a law-making and law-interpreting body. Fees for licensure and licensure renewal generally fund these boards. Section 8 of The Model Law elaborates on the power awarded these boards. Subsection A reads, "The board shall have the power to adopt and amend bylaws and rules of procedure not inconsistent with the constitution and laws of this jurisdiction or this Act."
8 Subsection H gives the board other rights: "The board shall have the power and authority to waive requirements of this law pertaining to surveying and engineering licensure provided consideration is given to safeguarding life, health, and property, and promoting the public welfare." 9 Both of these subsections give state boards considerable freedom and power. While boards possess this power, engineers and applicants are allowed to present issues, either formally or informally, to the board for consideration. The boards generally consist of appointed persons and are composed of professional surveyors or land surveyors, PEs, and public members appointed by the Governor. 7 State boards also review PE applications and decide whether to allow applicants to sit for the exam. These decisions are based on an evaluation of an applicant's education and experience. Several boards use an outside contractor to evaluate applications. Applicants educated abroad may have problems converting their educational experience into the proper format for the PE and FE applications. See Appendix A for further information on foreign degrees and licensure.
Study Overview
Prior to beginning this study, six questions were developed. These questions were created using experience criteria gathered from The Model Law. They were used to document how each state has modified the Model Law and how each grants experience credit for the PE examination. The six questions were as follows: 1. In addition to graduation from a four-year EAC/ABET-accredited curriculum, what are the general requirements to be allowed to sit for the PE exam? 2. Does a master's degree from an EAC/ABET-accredited curriculum count as experience toward licensure? 3. Does a PhD from an EAC/ABET-accredited curriculum count as experience toward licensure? 4. Is teaching class in a four-year EAC/ABET-accredited curriculum considered acceptable as experience toward licensure? 5. Is any credit given to experience gained prior to graduation? If so, what are the requirements and maximum amount of obtainable credit? 6. Can either the PE or FE exams be waived based on experience or education? Data were collected from engineering boards for each of the 50 states and the District of Columbia. Telephone interviews were the primary method of data collection for this study. E-mail correspondence was also used to a lesser degree for follow-up questions and other inquiries. Prior to contacting each board, an attempt was made to research each state's licensure web site. Many boards post their rules and regulations on public websites. These sites are accessible from www.ncees.org. As of December 2002, 49 of the 51 surveyed licensing boards had web sites accessible through the NCEES site. After researching the board's rules and regulations, the state or district was contacted and additional data were collected. The table in Appendix B summarizes the collected data.
Results

Question 1: After graduation from a four-year EAC/ABET-accredited curriculum, what are the general requirements to be allowed to sit for the PE exam?
In some states, it is possible to be admitted to the PE or FE examination with less that a fouryear ABET-accredited engineering degree. These applicants possess non-ABET accredited engineering degrees, engineering technology degrees, related degrees, or no educational background. Educational experience is made up for by work experience. States have devised a system of "tracks" to deal with applicants from differing educational backgrounds. For example, Idaho requires that graduates from non-ABET-accredited engineering programs possess 5 years of experience, while a graduate of an engineering technology program must have 6 years of experience to sit for the PE exam.
Of the 51 engineering boards surveyed, only 2 differ from the general requirements set forth by the Model Law. These requirements consist of obtaining a four-year or better ABET-accredited engineering degree, passing the FE exam, and gaining four years of "acceptable" experience. The state of California requires two years' experience instead of four. Hawaii does not require that applicants pass the FE exam, although it is encouraged.
Question 2: Does a master's degree from an EAC/ABET-accredited curriculum count as experience toward licensure?
The Model Law states that a graduate degree in engineering may be used for one year of experience toward licensure. In accordance, the vast majority of engineering boards will grant one year of qualifying experience for a master's degree (See Figs. 2 and 3 ). Of the 47 boards that do allow 1 year of credit for the master's degree, 15 have adopted regulations allowing for a maximum of 1 year of credit for postgraduate degrees. It is assumed that this credit will be used for a master's degree, but the year can be used for either the master's or PhD degree. Notable exceptions include California, Nevada, Pennsylvania, and Virginia. California will allow six months credit for the successful completion of a master's degree. Neither Nevada nor Pennsylvania currently allows for this type of credit. In Virginia, it is sometimes possible to get credit, but there are no set time designations, and the decision rests entirely with the state board.
It should also be noted that it takes most graduate students approximately two years to receive their master's degree, while most states offer only one year of credit for this advanced degree. This means that it would actually take less time to become eligible for the PE exam if a student declines to pursue a master's degree.
Question 3: Does a PhD from an EAC/ABET-accredited curriculum count as experience toward licensure?
As noted under Question 2, some state boards have adopted laws that allow for a maximum of one year's credit for successfully completing postgraduate study, while other states simply allow one year for completing a PhD degree. Each state that will allow a year for the PhD degree also allows one year for a master's degree. Fourteen of the surveyed boards did not grant credit for the PhD degree. Idaho is included in this group, but the board is currently reviewing that policy. Mississippi and California both grant credit for the degree, but not the typical year of credit. The state of Mississippi will allow two years for successfully completing a PhD while also allowing a year for a master's degree. This would allow an applicant a total of three years of credit in Mississippi. Louisiana will allow two years for the PhD if the applicant has not already claimed one year for a master's in engineering. California will grant 6 months of credit. Note that California is quite similar to states that offer two years of credit for postgraduate degrees. The two sixmonth experience credits offered are proportional because California applicants need only two years' experience to sit for the PE exam. We have seen that postgraduate experience credit varies from state to state. State boards tend to deal with postgraduate credit in one of two ways. Some have adopted laws and regulations that treat master's and PhD degrees separately, while others allow a maximum of one year that can be applied to either. Figure 6 is an attempt to describe this variation by taking into account the total amount of credit offered by each state. Credit ranges from no time to 3 years' credit for a combination of master's and PhD degrees. The Model Law states that the practice of engineering includes the teaching of advanced engineering subjects. 7 This enables state boards to grant engineering professors experience credit for time spent teaching.
Except for New Jersey, virtually all states surveyed allow experience credit for teachers. Many states have stipulations for this type of experience and evaluate each applicant on a case-by-case basis. For example, some states require that the experience be under the supervision of a registered PE. Other states specify that the courses taught be upper-level design classes. A few states require that teaching be concurrent with both consulting and research, and still others require that the experience be gained at a position equal to or above the associate professor level.
Four states do not allow teaching to comprise all of an applicant's engineering experienceArizona, North Dakota, Washington, and North Carolina expect professors to gain additional experience outside the teaching field. For example, Arizona allows a PE applicant one year for successfully completing a PhD/master's combination. An additional year is granted for teaching in an approved engineering curriculum. In this case, the applicant would still need to obtain two additional years of experience to be eligible to sit for the PE exam. Figures 8 and 9 show how state boards treat teaching experience.
Question 5: Is any credit given to experience gained prior to graduation? If so, what are the requirements and maximum amount of obtainable credit?
State boards are almost evenly split on this question. Of the 51 boards surveyed, 25 allow experience credit prior to graduation. Of the boards that accept this experience, requirements and the amount of obtainable credit vary from state to state.
The IAC Program recently attempted to gain recognition by state boards for licensure credit. Upon initial contact with a state board, information concerning the IAC Program was presented to board officials. This information consisted of a formal letter detailing the IAC Program's interest in gaining licensure credit for students (Appendix B) and a brochure explaining the program (see Appendix C). In many states, the state board members reviewed the information, and several states issued formal decisions on IAC experience.
Of the 51 boards, 12, or 24 percent, would accept IAC experience. The state engineering boards of South Dakota, Utah, Washington, Arizona, Florida, Kentucky, Virginia, and New York indicated that they would accept IAC experience because they evaluate this type of experience case-by-case based on work descriptions and references. The maximum amount of credit ranged from 6 months to one year. The state board of Colorado noted that it could allow IAC experience to count if an applicant took longer than four years to acquire their undergraduate degree. The board would not allow education and work experience to overlap. Texas would accept IAC experience, but the applicant must have been at a junior or senior level in college. Ohio also required that the experience occur after the sophomore year and be subject to the same rules as experience gained after graduation. New Hampshire would recognize IAC experience as long as the applicant was working under PE guidance. Figure 10 shows the findings on experience prior to graduation, while Figure 11 concerns this type of experience and the IAC program. Figure 12 shows how each state handles IAC experience and experience prior to graduation. Many of the boards that do accept this type of experience have based their requirements on formal cooperative engineering programs. These programs utilize full-time work periods where students usually alternate semesters or quarters between work and school. Typically, these programs place students under the supervision of PEs. Because work periods last entire semesters or quarters, the work term is usually noted on the students' transcripts (e.g., "co-op in field"). Fourteen of the twenty-five state boards that do accept this experience specifically identify co-op experience in their requirements.
The three main requirements listed were that experience must be (1) under PE supervision, (2) recorded on transcripts, and (3) full-time. Professional engineers sometimes need to work in states other than the one in which they were originally licensed. In this situation, they can apply to other state boards to receive licensure by comity or endorsement. Comity is a process in which a state board will recognize an applicant's out-of-state PE license and grant the applicant an in-state license to practice engineering without forcing them to reapply and take the PE exam. 7 The Model Law specifies that applicants must obtain four years of experience after the confirmation of the bachelor's degree. States who do not accept experience prior to graduation will not recognize the experience of PEs from states that do. Engineers who use this time to fulfill experience requirements have had problems obtaining PE licensure in states that do not accept it. These states have declined comity applications and in some cases have asked the applicants to retake the PE exam. The state of Mississippi has posted a cautionary note on its licensure website. It reads, "Applicants who complete an approved co-op program may (your choice) be given six months of "experience" credit, but be aware that other states may not recognize a PE exam taken before the full four years of experience was accrued after graduation". 10 Tennessee, which originally did give this type of credit, has not done so in the past three years for similar reasons. Kansas stopped accepting this experience as of November 1, 2002.
Question 6: Can either the PE or FE exams be waived based on experience or education?
Thirty-three boards provide for certain applicants to waive the FE exam. A long history of engineering experience was one criterion that allowed applicants this option. The length of this experience varied from 6 years in California to 25 in Iowa. Several states also specified a length of time an applicant needed to be in "responsible charge" of engineering work. Sometimes an extended history of experience had to be combined with a formal engineering education. For example, Nevada law states that applicants must possess an accredited engineering degree plus 15 or more years of experience. Twelve states allow applicants with an ABET-accredited PhD to waive the FE exam.
Two states mentioned waivers for the PE examination. New Hampshire allows a waiver for the PE exam if an applicant possesses 25 years of experience, 10 of which the applicant must have held a position of responsible charge. The rules and regulations of California state that the board can waive the exam at its discretion. Figures 13 and 14 show how states deal with this issue. 
Summary and Recommendations for Applicants
Obviously, licensure is important to engineers. Engineers must be licensed to prepare, sign, and seal engineering plans for public and private clients. Licensure can be legally required for consultants, principals, and employees who hold responsibility for charge of work. Licensure has also recently taken on increased importance in industry-product safety and environmental issues are often under a microscope, and having a license helps to establish credibility with the public and the courts. Although some engineers do not perform work that requires a PE license, obtaining a license also demonstrates a firm commitment to professionalism and allows for upward mobility.
When an applicant has gained enough experience to apply to sit for the PE exam, they must write up a summary of their experience and present it to the state board. The applicants' supervisor or previous supervisors must also detail this experience in writing to the state board. For this reason, it is helpful to keep track of current and previous engineering assignments. Applicants should try not to "burn bridges." Alienated bosses and supervisors are not good references and will not provide helpful, positive feedback.
Applicants should remember that "experience" is not always the same thing as "acceptable engineering experience." Work should relate to engineering, require "a knowledge of engineering fundamentals," and progress in complexity over time as responsibility level rises. State boards are looking for PE applicants that have gained enough credible experience to acquire sound judgment. Although the board makes these decisions, it should be noted that applicants have the right to appeal any issues directly to the board for their consideration.
Students in the IAC program should take the FE exam as soon as possible. College seniors and other first-time test takers have the highest pass rates for the FE exam. The material is academic, and some of it will date back to freshman basic engineering classes. The longer an FE applicant waits to take the exam, the less likely they are to remember this type of information.
Many IAC Directors and Assistant Directors could be eligible for the PE exam. Ninety percent of the surveyed boards would allow teachers to fulfill experience requirements for the PE exam solely based on teaching experience. Twenty-four percent of the boards will also allow applicants with a PhD to waive the FE exam. It should also be emphasized that academic professionals write both the FE and PE exams. Professors and other academic professionals should have sufficient skills to pass these exams.
Twelve state boards will accept IAC experience as time towards licensure. The other thirteen boards that accept experience prior to graduation do not currently grant credit for IAC experience. If the IAC program desires to obtain credit from these other boards, it will need to tailor its program to more closely resemble a cooperative engineering program. In discussing this type of credit, states specifically mention these programs. The main requirements for acceptance of IAC experience under the co-op classification are that experience must be (1) under PE supervision, (2) recorded on transcripts, and (3) full-time.
There is currently a general trend away from offering credit for experience prior to graduation. As noted in the discussion of question five, some states have stopped offering this type of credit.
Both experience prior to graduation and postgraduate credit are controversial subjects in regard to PE licensure.
The licensure process is in a state of reevaluation. The NCEES has a panel reviewing Model Law requirements. During this reevaluation period, it may be possible for IAC Directors to positively influence the decision on experience through interaction and correspondence with NCEES officials. The American Society of Civil Engineers (ASCE) has forwarded a proposal calling for a master's degree or equivalent for professional licensure. This proposal would raise the educational requirements for PEs. The National Society of Professional Engineers (NSPE) is also involved in the current licensure debate and has proposed several changes to Model Law requirements. All of these topics can be found on the NSPE web site at www.nspe.org. 
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Appendix A. Foreign Degrees and Licensure
In the United States, engineers are required to obtain a license before they offer public services or sign and seal plans for public use. Individual states and territories are responsible for the licensure of engineers. Persons wishing to become licensed must apply to the licensing board of the state or territory in which they plan to practice.
Engineers who have obtained their degree outside of the United States need to contact the appropriate licensing boards to determine the educational and experience requirements for licensure. These boards can be accessed through the National Council of Examiners for Engineers and Land Surveyors (NCEES) website. It is recommended to phone or e-mail these boards and speak with someone who specializes in evaluating educational requirements.
In addition to satisfying experience requirements for licensure, students with international degrees might be asked to contact Engineering Credential Evaluation International (ECEI). This is a service that evaluates international degrees and determines if they meet the Accreditation Board for Engineering and Technology (ABET) criteria. The basic evaluation costs $375 and typically takes 4-6 weeks.
To pursue professional licensure in the United States, many engineering students with international degrees must prove that their educational requirements meet or exceed certain criteria prescribed by ABET. ABET is an organization that provides accreditation services for educational programs in the United States and its territories and has developed a set of minimum criteria for evaluating these programs.
Not all international degrees need to be evaluated. ABET has worked with several nations to identify equivalent programs and establish partnerships with other licensure organizations abroad.
ABET has partnered with several international accrediting agencies to form the Washington Accord. Signed in 1989, the Washington Accord is a multinational agreement with the accreditation bodies of eight countries. It allows students from all of these countries and the United States who possess degrees accredited by one of the signatory accrediting bodies to count their engineering education in any of the other countries.
ABET also conducts evaluations on educational programs outside of the United States. While these evaluations follow procedures similar to those in the United States, no accreditation can take place, and ABET acts as a consultant to the program. These evaluations can result in a program gaining status as a substantial equivalency program. This means that the program is comparable to a program accredited in the United States, and it implies that a graduate is prepared for practice at an entry level. It is my understanding that experience credit for licensure varies greatly from state to state. Based on the NCEES Model Law, experience is defined as "…four (4) years or more of progressive experience on engineering projects of a grade and character which indicates to the board that the applicant may be competent to practice engineering… " Many states grant experience credit up to one year for completion of an engineering graduate degree or for experience obtained in an established cooperative education program. It is the desire of the students and alumni of the IAC Program that State Engineering Boards across the country consider IAC participation as qualified experience towards licensure.
The IAC Program was established by DOE in 1976 to help U.S. manufacturers address energy, waste, and productivity issues and reduce operating costs. DOE-funded centers located at 26 top ABET-accredited engineering colleges across the U.S. (see attached list) work with local manufacturers to identify opportunities to reduce energy consumption, minimize waste, and improve productivity. The centers are led by qualified engineering faculty (many are registered P.E.'s) and staffed by top-performing undergraduate and graduate-level engineering students. Each IAC team conducts assessments for a minimum of 25 industrial clients per year. Assessments include an on-site visit, detailed engineering report, and follow-up presentation of results. To date over 10,000 U.S. manufacturers have saved more than $700 million through efficiency and productivity improvements identified by IAC students and faculty.
Over 2,000 engineering students have participated in the IAC program since its inception, and 50 percent of our alumni are either registered Professional Engineers or Engineers-In-Training. IAC students typically work on a part-time basis during the school year, and many work full time during breaks in their academic schedules. The university-based centers are funded by DOE on the basis of a competitive solicitation and are often integrated into engineering curricula through related courses and/or coursework offered by participating engineering faculty. Certificates of Participation are issued by the DOE and the host C-2 engineering college to departing students who have successfully met the IAC performance criteria, which includes at least two semesters of participation, and development of skills in teamwork, leadership, written and verbal communications, technical problem solving and conceptual design. For more details on the IAC program, please see the enclosed brochure.
Through their participation in this program, the wide range of engineering experience gained by IAC students equals or exceeds that gained by students in cooperative or intern programs. 
